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COMPUTER INTERFACE FOR DIRECT MAPPING OF APPLICATION DATA 

FIELD OF INVENTION 

This invention relates to communications among applications running on dif- 
ferent computers and computer subsystems. Specifically, it relates to the direct map- 
ping of application data on one computer to physical memory addresses in another 
computer, and more particularly a switching arrangement that performs memory ad- 
dressing functions between at least two networked computers substantially free of op- 
erating system intervention. 

BACKGROUND OF THE INVENTION 

The transfer of data and instructions between data processing devices in a 
cluster or network is accomplished using interface units included in each device. 
Such data processing devices can include, for example, computers and shared I/O de- 
vices such asdisk servers and communication links to external networks. A link that 
typically transmits data among these units in serial form is used. Switches may be 
provided to route the data particularly when three or more devices are linked. 

At any time, a number of data transfers may be in progress among application 
programs running on different computers. A number of networking arrangements 
have been implemented to accomplish these transfers. In general, such conventional 
networking approaches have failed to provide the desired combination of low latency, 
high speed and low cost 

It is, therefore an object of this invention to provide a low-cost computer inter- 
face system that provides significant reductions in latency and increases in the speed 
of data transmission between, linked data processing devices. This interface system 
should use on-board resources efficiently to minimize hardware costs. 

SUMMARY OF THE INVENTION 

This invention overcomes the disadvantages of the prior art by providing each 
host data processing device (e.g. computer) with an interface unit that stores, for each 
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open communications circuit involving an application in the host device, a map identi-. 
tying the virtual addresses specified by the application with corresponding physical 
addresses in the host's main memory. These physical addresses are the location? in 
the host device of data to be transferred between the application and a specific appli- 
5 cation running on another device. Data transfers occur along virtual circuits that each 
cany a unique identifier that facilitates data routing between computers? ^li inter- 
face unit includes a series of registers or "memories" that are indexed or ? "mapped" in 

terms of the circuit identifiers. "W 

•|V: v.. - ' 

The interface unit can, thus, transfer data to and from the main memory with- 
out resorting to time-consuming calls to the host operating system for protocol proc- ' 
essing or to translate virtual memory locations provided by the application to physical 
memory addresses in the main memory. In addition, the registers in the interface unit 
can be used to retain protocol state information on a circuit-by-circuit basis. This fa- 
cilitates protocol acceleration. 

The invention also provides a novel buffer arrangement within the interface 
units and within switches used when three or more host data processing devices are 
involved. Buffer space is assigned dynamically to data transmission circuits passing 
through the interface, and switch, thus minimizing the required size of the buffer 
memory and lowering hardware costs. This technique also enables various "fair" 
and/or adaptive scheduling algorithims to be used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other objects and advantages of the invention will become 
clear with reference to the following detailed description as illustrated by the drawings 
in which: 

Fig. 1 is a block diagram of a network of computer systems that are linked in 
communication with each other according to this invention; 

Fig. 2 is a more detailed block diagram of a network interface unit according 
to this invention; 
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Fig. 3 is a more detailed block diagram of another network interface unit ac- 
cording to this invention; and % 
Fig. 4 is a block diagram of a switch according to this invention. 

■ - .r "h v.-'" - 

DETAILED DESCRIPTION 

Fig. 1 illustrates a basic clustered computer system according to this invention. 
By way of example, a cluster having three computers is illustrated. Although com- 
puters are shown in this example, one or more of the computers can be another data 
processing device such as a disk server or communication link to an external network. 
The use of this system with such other devices is, therefore, expressly contemplated. 

Reference shall be made generally to computer 30a for the purposes of this de- 
scription. It shall be assumed that computer 30a is interconnected with computers 30b 
and computer 30c. As used herein, like reference numbers having a suffix w a'\ "b" or 
"c" shall refer to like components in each of the respective computer systems 30a, 30b 
and 30c. It is contemplated that these host computers 30a, 30b and 30c can differ in 
architecture so long as they are otherwise compatible to communicate with each other 
in a manner to be described below. A disk server 35 is also illustrated. Furthermore, 
as used herein, the term "data" when occuring in connection with the interface unit of 
this invention shall refer to both control (e.g. TCP/IP header information) and raw 
data. The interface of this invention includes framing functions that convert both 
control and data strings into ATM-framed data for transmission between data process- 
ing devices. The framed data is reconverted to control and data strings on the receiv- 
ing end using the same functions. 

Computer 30a comprises a CPU or central processing unit 40a linked by a 
parallel system bus 42a to a main memory 44a. Within the main memory 44a are 
blocks of locations that contain an operating system 46a and a series of computer 
application programs 48a. 

An I/O sector 50a can include disks and other peripheral devices 52a and a 
network interface unit 54a according to this invention, all coupled to the system bus 
42a. The interface unit 54a enables communication with the computers 30b and 30c 
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and the disk server 35. Computer 30b includes its own network interface unit 54b 
connected to its system bus 42b and computer 30c includes a network interface unit 
54 connected to its system bus 42c. In a cluster in which only two computers (e.g., 
computer 30a and computer 30b) are connected, a direct interconnection 80 (shown in 
phantom) can be provided between the interface units 54a and 54b. Conversely, 
where multiple (e.g., three or more) computers are linked, a switch 82 is provided to 
route signals among the devices in the cluster. This disk server 35 is also connected 
in the cluster through the switch 82. It includes its own network interface unit 55 that 
is identical in architecture to the other units 54a, 54b and 54c. The direct connection 
80 between two computers and the multiple links 84, 86, 88 and 89 among three or 
more computers (and the disk server 35) may take any suitable form such as LVDS 
(low voltage differential signaling) links or fiber optics links. 

Figs. 2 and 3 show the network interface units 54a and 54b respectively, in 
greater detail. We shall now describe operation of the network interface units in 
greater detail, assuming first that the units 54a are interconnected by the serial link 80. 

The link 80 is operatively connected to the network interface units 54a and 
54b through respective transceiver/serial-parallel converters 90a and 90b. The trans- 
ceivers 90a and 90b can both send and receive data for two-way communication over 
the link 80. 

The preferred mode of data transfer between the network interface units is the 
well-known Asynchronous Transfer Mode (ATM). In ATM, messages are transferred 
in packets or "cells". All communications are framed in terms of the ATM UNI (User 
to Network Interface) standard. One or more virtual circuits are set up among appli- 
cation programs, running on different data processing devices (computers 30a, 30b 
and 30c and disk server 35 for example). Each data cell transmitted through the net- 
work has a header that includes a virtual circuit identifier (VCI) of the virtual circuit. 
In a multi-link circuit, there may be a different VCI for each link. Each circuit is es- 
tablished in full-duplex mode, with bi-directional data transfer between host devices 
occurring under the same circuit identifiers. The virtual circuits and their correspond- 
ing VCI's are generally established when the system boots up based upon the com- 
munication requirements of the applications present in each of the data processing 
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devices. Further virtual circuits may be established and existing circuits discontinued 
dynamically as needed by application programs in the cluster. 

While ATM is described as the preferred communication standard according 
to this embodiment, it is expressly contemplated that other communication standards 
and protocols can be used in conjunction with the interface system according to this 
invention. For example, the TCP/IP protocol can be used. Appropriate framp^;-- ' 
ing/deframing modules that are well-known and commercially available can be em- 
ployed to establish this communication standard in connection with the system of this 
invention. Thus, while the ATM standard is shown and described herein, TCP/IP, en- 
cryption standards and other compatible communication protocols can be substituted 
and the description is taken to include these alternative protocols. 

When an application 60a running on computer 30a, for example, is to establish 
a circuit to a particular application 60b running on computer 30b, the application 60a 
informs the operating system 46a that the contents of a block (or blocks) of locations 
in memory 55a, identified by virtual memory addresses used by that application, are 
to be used in transmissions to and/or receipt from the application 60b, running on 
computer 30b. The application also communicates to the operating system the prior- 
ity of the circuit, the protocol processing type, relevant flow control parameters and 
relevant transfer optimization parameters. 

A switch controller 89, that is preferably implemented as a software applica- 
tion on the computer 30a receives instructions from the operating system to establish 
virtual circuits. It communicates with the network through the network interface unit 
54c. The controller 89, having received a request for establishment of a circuit from 
the operating system 46a, opens communication with the target computer's operating 
system 46b. It also communicates with the switch 82 in a manner to be described be- 
low. The controller 89 instructs each of the operating systems 46a and 46b to utilize a 
specific VCI. 

When circuits are established, corresponding pointers, each indexed by VCI, 
are established in a transmit work queue pointer register 100a of the interface unit 
54a. Each pointer points to a transmit work queue 101a associated with a particular 
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application 60a within the host main memory 44a that is reserved for storage of 
transmit work queue information for the corresponding VCI. Each entry in the 
transmit work queue 101a stored in the main memory contains the start locations of 
control (e.g. TCP/IP) and data information and the amount of data to be transferred. 
As transfers are accomplished, the pointer in the register 100a is advanced to the next 
entry in the register by the interface unit 54a. 

The operating system 46a loads into a mapping memory 95 a in the unit 54a a 
map of the virtual addresses provided by the application 60a to the corresponding 
physical memory addresses in memory 55a. The physical addresses being mapped are 
normally locked in the host by the operating system so as not to be overwritten by 
other applications running on computer 30a. The memory 95a includes a separate 
map for each virtual circuit through the interface unit 54a. For each virtual circuit 
there is an associated transmit work queuelOla and a receive work queue 103a 
(described below) that is stored in the host main memory 44a. The mapping memory 
95a, transmit work queue pointer register 100a and receive work queue pointer regis- 
ter 1 10a (also described below) are in the "address space" of the system bus 42a and 
can therefore be directly addressed by the operating system 46a and application 60a, 
respectively. Applications can, thus write directly to and read from these registers at 
any time. 

At the receiving end of the transfer, the target application 60b has supplied the 
operating system 46b with the virtual addresses in memory 44b that are to receive and 
transmit data in the subject circuit. Operating system 46b loads a mapping memory 
95b on the interface unit 54b with a map of these virtual addresses to the correspond- 
ing physical addresses in main memory 44b and locks the physical addresses in the 
host operating system 46b to prevent inadvertent overwrite. For each virtual circuit 
there is an associated receive work queue 103b. Each entry in the work queue in- 
cludes the beginning virtual addresses in the memory 44b to which control and data 
are to be transferred and the number of bytes of memory space following these ad- 
dresses. An associated entry in a receive work queue pointer register 1 10b is provided 
on the interface unit 54b. This entry contains a pointer to the next entry in the work 
queue 1 03b for that circuit. The pointer is initially set by the application 60a and then 
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advanced by the interface 54b to the next work queue entry after completion of the 
worok specified in the entry. A notification technique is used to inform the applica- 
tion 60b of the arrival of control information and data. This technique cm include a 
well-known polling and/or interrupt routines. ^; # - 

Since each virtual circuit handles data transmissions in both directions; e.g.; 
from the application 60a to the application 60b and from the application 60b to the 
application 60a, the reverse setup procedure also takes place. The application 60a also 
makes the appropriate entries in its receive work queue pointer register 100a, receive 
work queue 103a and the transmit work queue pointer register 100b. The application 
60b makes approprite entries, when needed, in its transmit work queue 101b and as- 
sociated pointer register 100b. 

The switch 82 is set up by the controller 89 concurrently with the interface 
units. The procedure is described below. Data transmitted over the links 80-86 is in 
ATM cells of 48 data bytes and 5 header bytes each. The instantaneous rates at which 
data enters the interface unit 54a and at which it is transmitted from the unit will ordi- 
narily differ. It is also desirable to transfer larger blocks of data in and out of the host 
memory and to transfer smaller cells over the network link. Moreover, a plurality of 
virtual circuits will ordinarily be open at any given time, requiring the unit to mux and 
demux the circuits in real time. Accordingly, a buffering arrangement is included in 
the interface units. Specifically, we include a buffer memory 120a into which incom- 
ing data is loaded and from which outgoing data is retrieved. While any previously 
known buffer arrangement can be used, we prefer to use the dynamic buffer arrange- 
ment described below, since its size can be substantially less than that of other ar- 
rangements. First, however, we shall describe the manner in which the invention ac- 
complishes a transfer of the data between applications running on different computers. 

Context memories 140a, b and c is provided in the interface units 54a, b and c. 
The context memory 140a, for example, contains an entry for each circuit or potential 
circuit occupying space in the buffer memory 120a. Each entry is indexed by its VCI 
and includes the priority level of the circuit, the number of buffer memory bytes oc- 
cupied by the circuit, flow control parameters, host transfer optimization information, 
protocol state information, the receive and transmit head and tail addresses of the cir- 
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cuit's data in the thread memory 130a and the host notification mechanism (e.g. inter- 
rupt or polling routine). 

» 

Each network interface unit 54a, b or c also includes an active circuit memory 
160a, b or c containing a list of all the active circuits with data in the dynamic buffer 

5 memory 120a, b or c. In other words any incoming data or outgoing data (appearing 
in the transmit work queue 101a) will have an entry in the active circuit memory 160a. 
The memory 160a is divided in sections according to message priority. For example, 
if there are two priority levels, "higher" and "lower", each active circuit memory 
would have two sections 160(H) and 160(L). 

io Under the control of a scheduler 1 35a, which is part of a controller 1 36a that 

regulates loading into and retrieval from the buffer memory/each of the interface 
units 54 cycles through the higher priorities entries in its active circuit memory 160a 
and, one-by-one, it performs the operations specified by the transmit and receive work 
queues corresponding to those entries. Thus, when interface unit 54a retrieves an en- 

15 try from its transmit work queue 1 00a, it enters into the context memory the beginning 
virtual address in the main memory of the information to be transferred, and the num- 
ber of bytes to be transferred. It then returns from the mapping memory 95a the 
physical addresses of beginning locations in the main memory 44a. The unit 54a then 
retrieves from the host main memory 44a the data in those locations and loads it into a 

20 group of segments (clusters of locations) in the buffer memory 120a. It then updates 
the context memory entry for that circuit. Specifically, it updates main memory 44a 
virtual address to the next address from which data is to be retrieved, and it decre- 
ments the amount of data to be transferred, by the size of the block retrieved from the 
memory 44a. 

25 At a subsequent time, the scheduler 1 35a initiates retrieval of a cell from die 

block of control and/or data that is now resident in the buffer memory 120a. A pack- 
aging unit 138a having cell and framing capabilities constructs an ATM cell of the 
retrieved data. That is, an ATM header is appended to the data using well-known 
techniques. The packaging unit also performs all necessary network communication 

30 functions including execution of check sum routines to ensure data accuracy. At the 
frame level, the context memory 140a retains state information, such as the ATM 
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AAL-5, CRC and the frame protocol, and appends this information to the frame trailer 
per the ATM standard. A frame may or may not be extended over multiple cells that 
may or may not be intermixed with cells from different circuits. 

At the receiving end, a parser 139b in the unit 54b interprets the header on the 
cell and causes the data portion of the cell to be loaded into the buffer memory 120b. 
Incoming ATM cells are entered one-by-one into the buffer 120b. Subsequently, the 
data is retrieved and transferred to specific physical memory locations in the host 
main memory 44b, as identified in the mapping memory 95b. When all transmit work 
queue descriptors for a given virtual circuit are completed and if no more incoming or 
outgoing data is present in the buffer memory 120a, then the corresponding entry in 
the active circuit memory 160b is removed. Clearly, the foregoing arrangement is ef- 
ficient because, with the use of direct physical memory locations in main memories 
44a and 44b, the transfer of control and data is made without the intervention of either 
of the host operating systems. 

In a preferred buffer arrangement message data is transferred into and out of 
each network interface units 54a, 54b and 54c via the respective dynamic buffers 
120a, 120b and 120c. The size of the buffer depends on the requirements and speed 
of the computer network. Typically, a RAM buffer having a size of 160 bits X 4 
Kbits, i.e., a capacity of 640 Kbits will be sufficient. For management purposes, the 
memory is divided into segments, each of which contains a number, e.g., 20, of con- 
tiguous memory locations. In this example, each location contains a single byte of 
data. 

The buffer arrangement includes, in addition to the buffer memory 120a, a 
thread memory 130a, a free list memory 150a and a context memory 140a. The thread 
memory contains, for each transmit circuit link and each receive circuit link occupy- 
ing space in the buffer memory 120a, a thread, i.e., linked list, of the buffer segments 
occupied by the circuit, in the order in which data was entered into these segments. 
The earliest entry in the thread is at the "head" and the latest is at the "tail". The free 
list memory is a FIFO memory containing a list of available segments in the memory 
120a. However multiple threads can exist simultaneously in a single memory, each 
having its own discrete series of pointers and links held in the context and thread 
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memories, respectively. If there is no data for a specific circuit in the buffer memory 
120a, then no buffer memory or thread memory resources are allocated to that circuit 
and the head and tail pointer in the context memory 140a are nulled. This arrange- 
ment, thus, allocates resources with greater efficiency and enables, in general, a lower 
s total memory size. 

When data is to be loaded into the memory 120a, the buffer control 136a re- 
trieves free buffer memory segments, as needed, from the free list memory 150a, and 
loads the data into those buffer segments. It also updates the free list memory and the 
thread memory. Specifically, as each segment is filled, that segment's associated 
io thread memory is updated to point to the next available segment being allocated from 
the free list. It also updates the head address and byte count in the context memory 
140a entry for that circuit. 

When data is retrieved from the buffer memory 120a, the reverse procedure is 
followed. That is retrieval begins at the tail address of the associated thread. When 
i$ the retrieval operation is complete, the tail and byte count in the context memory 140a 
are updated. As segments are freed, they are added back to the free list in memory 
150a and the associated thread memory is cleared. 

In this embodiment, the context memory 140a is provided with the number of 
bytes in the dynamic buffer 120a that are utilized by each circuit link. The operation 
20 of the thread memory 1 30a is monitored to derive the number of bytes for each virtual 
connection. 

The interface system according to this invention makes possible the dynamic 
optimization of data transfers. That is, the system operates efficiently for large bulk 
transfers of data and for smaller transfers. This optimization is based in-part on the 
25 establishment of priority and flow control standards. 

Each writing operation into the dynamic buffer 120a is generally followed by a 
reading operation in which information is retrieved from the buffer. Higher priority 
retrievals (reads) are recognized first, followed by the lower priority retrievals. 
Within priority levels, the system cycles continuously through the active circuit en- 
30 tries in "round-robin" fashion. In transmission of data, one ATM cell is transferred at 
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a time from the buffer memory to the network link 84a. In receiving data, variable 
blocks of data (typically 256 bytes) are transferred to the host, optimizing latency. 
When the buffer begins to saturate, then the data may be transferred to the host com- 
puter in larger blocks, , optimizing the transfer efficiency, to prevent memory over- , 
5 load. Ordinarily, this occurrence results from host saturation, so that access to the 
system bus is temporarily limited. Clearly the foregoing arrangement copes with the 
problem of overflow by using a more-efficient mode of transfer to the host main 
memory, i.e. larger block size. 

io The network interface units 54 operate as bus masters as the system busses of 

the respective host computers. In other words, they are capable of initiating opera- 
tions on these buses. It should be noted, also, that each of the memories or registers 
95a, 100a, 1 10a, 130a, 140a, 150a and 160a used in the network interface unit 54a is 
preferably a discrete physical memory so that a plurality of these memories can be 

is accessed simultaneously. This enhances the operating speed of the network interface 
unit 54a. 

The above description has focused upon a data transfer between two discrete . 
computers 30a and 30b. We shall now discuss the routing of data between a cluster of 
three or more linked computers. The processes described above remain unchanged. 

io A switch 82 (Fig. 1) is used to route communications among three or more 

computers. A preferred embodiment of the switch 82 is depicted in Fig. 4. The 
switch receives incoming signals through a set of serial-parallel converters 200 from a 
plurality of computers. Likewise, outgoing signals are routed to the computers 
through a series of outgoing parallel-serial converters 202. The incoming and outgo- 

25 ing signals can, of course, derive from and be routed to a variety of data processing 
devices besides computers. For example, the switch 82 can be interconnected with 
one or more other switches. Furthermore, these incoming and outgoing functions can 
be provided by a single converter circuit such as the circuit 90 detailed in Fig. 2. The 
incoming signals are routed to a multiplexer (MUX) 204 that enables selection of a 

30 single input to a dynamic buffer 206. Likewise, outgoing signals precede to a demul- 
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tiplexer (DEMUX) 208 that selects the appropriate outgoing converter 202, A > 
MUX/DEMUX control circuit 212 governs routing of signals to and from the buffer 
based upon the operation of the dynamic buffer control circuit 2 1 0. Operation of the 
dynamic buffer is substantially similar to that of the network interface unit 54a. A 
5 dynamic buffer control circuit 2 1 0 comprises a series of memories like those de- 
scribed with reference to the interface units of Figs 2 and 3. 

Specifically, the switch includes a mapping memory that maps each incoming 
VCI to the outgoing VCI of the same circuit and to the output port for each outgoing 
VCL The thread memory 214, the context memory 21 8 and the active circuit memory 

io are arranged in terms of either the incoming VCFs or the outgoing VCFs. The map- 
ping memory 213 is interconnected with the context memory, When the switch con- 
troller establishes each circuit, it also instructs the switch context memory 21 8 and 
mapping memory 213 to establish a circuit indexed bt the corresponding VCI. The 
context/mapping memory 218, 213 includes entries with respect to each VCI of the 

15 head address, the tail address, the byte count, the flow control status and the trans- 
mission priority. Assuming that determination of the outgoing VCI takes place when 
the incoming cell is to be loaded into the buffer 206. The incoming VCI is replaced 
with the outgoing VCI that is mapped from the memory 213 before the cell is written 
into the dynamic buffer 206. Unlike the data processing device interfaces 54a, b and 

20 c, in which physical addresses are mapped in connection with a given VCI, the switch 
82 undertakes a direct VCI-to-VCI mapping. 

While not shown, the switch 82 and each of the interface units include flow 
control circuitry that communicates with various computers and switches in the sys- 
tem to prevent excessive data inflow. These circuits can be implemented using well- 
25 known arrangements and can be linked using a discrete flow control data line. 

The foregoing has been a detailed description of a preferred embodiment of 
the invention. Various modifications and additions can be made without departing 
from the spirit and scope of the invention. For example, the buffer control system de- 
scribed can be varied and substituted for a variety of other acceptable buffer control 
30 protocols. Such protocols should be able to transfer data based upon the establish- 
ment of virtual circuits and their corresponding identifiers according to this invention. 
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ATM is only one of a plurality of possible communication standards that can be em- 
ployed . Other standards that are contemplated include the TCP standard. Likewise, 
other types of network switch can be used in conjunction with the network interface 
units of this invention. Finally, while the term "network interface unit" is used herein, 
it is expressly contemplated that any acceptable platform can be utilized for the inter- 
face according to this invention and the interface can be provided as a permanent sys- 
tem in an overall computer, disk, peripheral or other data processing device. Accord- 
ingly, this description is means to be taken only by way of example and not to other- 
wise limit the scope of the invention. 
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CLAIMS ,.»^:v : 

1 1 . A computer interface for accomplishing a transfer from a transmitting application 

2 running on a first computer, having a system bus and a first main memory connected 

3 to said system bus, to a receiving application running on a second computer, said 

4 transmitting application providing an operating system with transmit virtual addresses 

5 in said main memory of data to be transmitted to said receiving application, said inter- 

6 face comprising: ^ j : . - 

7 A. a mapping memory; \j 

8 B. a transmit work queue memory; 

9 C. means in said operating system for: ; | 

10 1 . loading into said mapping memory the transmit physical ad- 

1 1 dresses corresponding to said transmit virtual addresses, and ; 

, 2 2. entering into said transmit work queue memory a specification 

13 of each data transmission, said specification including an identification of the transfer, 

14 and an identification of a destination of said data, said identification of the transfer 

15 also including identification of a location of each of said transmit virtual addresses in 

16 said mapping memory; 

, 7 D. means for accessing said first main memory in accordance with said 

is physical addresses contained in said mapping memory to retrieve said data therefrom; 

19 and 

20 E. means for transmitting said retrieved data to said second application. 

1 2. The interface defined in claim 1 further including: 

2 A. a receive work queue memory 4 

3 B. means in said operating system for interrogating a receiving applica- 

4 tion running on said first computer for the identification of receive virtual addresses in 
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5 said first main memory into which received data transferred to that receiving applica- 

6 tion from a transmitting application on said second computer is to be loaded* 

7 C means in said operating system for: t - 3 v • 

g 1 . loading into said mapping memory receive physical addresses in said 

9 first memory corresponding to said receive virtual addresses, and '^£T '*f 



l0 2. entering into said receive work queue memory a specification of each 

i , data transmission, said specification including an identification of the transfer* and an 

12 identification of a destination of said data, said identification of the transfer also in- 

13 eluding identification of a location of each of said receive virtual addresses in said 

.V- 

M mapping memory, 

15 D. means for receiving data* from said second computer* identified by said 

16 transfer identification, and 

, 7 E. means for accessing said first main memory by means of said receive 

i a physical addresses contained in said mapping memory to load into those addresses 

19 data received from said transmitting application on said second computer. 



1 3. The interface defined in claim 1 wherein transmitting means includes a framing 

2 and deframing unit that frames data for transmission to said second computer based 

3 upon a predetermined communication standard. 



4. The interface defined in claim 3 wherein the predetermined communication stan- 
dard comprises the ATM standard. 

5. The interface defined in claim 2 wherein the transmitting means includes a fram- 
ing and deframing unit that frames the data for transmission to said second computer 
based upon an ATM communication standard. 



WO 98/25210 



16 



PCT/US97/22439 



1 6. The interface defined in claim 5 wherein the identification of each data transfer 

2 defines a virtual circuit identified by a respective virtual channel identifier, and 

3 wherein the transmit work queue memory includes locations corresponding to each 

4 virtual circuit. 

1 7. The interface defined in claim 6 wherein the receive work queue memory includes 

2 an entry corresponding to each virtual circuit 

1 8. The interface defined in claim 7 wherein the mapping memory includes a location 

2 corresponding to each virtual circuit for storing respective of the transmit physical ad- 

3 dresses. 

1 9. The interface defined in claim 2 wherein each of the mapping memory, the 

2 transmit work queue memory and the receive work queue memory is in the address 

3 space of the system bus. 

1 1 0. The interface defined in claim 6 further comprising a buffer memory for selec- 

2 tively storing data received from the system bus and retrieving stored data for trans- 

3 mission to the system bus, the buffer memory including a buffer controller that oper- 

4 ates the buffer memory to store and retrieve data for each virtual circuit on a time- 

5 shared basis, 

1 1 1 . The interface defined in claim 1 0 wherein the buffer memory is constructed and 

2 arranged to selectively store data received from and retrieve data for transmission to 

3 the second computer over a communication link and wherein the buffer controller is 

4 constructed and arranged to cause the buffer memory to store data received from the 

5 second computer for each virtual circuit on a time-shared basis. 
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1 1 2. The interface defined in claim 1 1 further comprising a thread memory containing 

2 a thread defining a plurality of entries between a head entry and a tail entry, each of 

3 the entries comprising an address representative of an active memory segment in the 

4 buffer memory corresponding to each virtual circuit and the entries defining a linked 
s list of segment addresses, and further comprising means, in the buffer controller, for 

6 adding entries to the thread memory and deleting entries from the thread memoiy < 

7 based, respectively, upon a loading into and emptying corresponding memory seg- 

8 ments in the buffer memory. V 

1 13. The interface defined in claim 12 further comprising a free list memory having a 

2 plurality of entries each corresponding to an unoccupied segment in the buffer mem- 

3 ory that is free of data stored, and further comprising means in the buffer controller 

4 for removing an entry having a predetermined segment address from the free list 

5 memory, and concurrently establishing an entry having the predetermined segment 

6 address in the thread memory. 



14. The interface defined in claim 13 further comprising a context memory intercon- 
nected with the buffer memory and the system bus, for storing a plurality of entries, 
each of the entries corresponding to a predetermined virtual circuit, each of the entries 
including, for the respective virtual circuit, information defining a data transfer prior- 
ity level, the head location and the tail location of a thread of segment addresses in the 
buffer memory and an amount of data contained in the buffer memory. 



1 15. The interface defined in claim 2 further comprising an active circuit memory, 

2 interconnected with the system bus, that stores entries identifying each data transfer 

3 for which a specification is contained in at least one of the transmit work queue mem- 

4 ory and the receive work queue memory, the active circuit memory including means 

5 for continuously storing new entries as new data transfers are initiated and deleting 

6 existing entries as existing data transfers are completed. 
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for which a specification is contained in at least one of the transmit work queue mem- 
ory and the receive work queue memory, the active circuit memory including means 
for continuously storing new entries as new data transfers are initiated and deleting 
existing entries as existing data transfers are completed. 

1 6. The interface defined in claim 1 5 wherein each of the entries in the active circuit 
memory includes an identification of a respective priority level of the data transfer. 

1 7. The interface defined in claim 2 wherein each of the transmit work queue mem- 
ory and the receive work queue memory includes a respective pointer register, each 
pointer register having an entry corresponding to each specification in the respective 
transmit work queue memory and receive work queue memory each entry including a 
pointer representative of a location in the respective transmit work queue memory and 
receive work queue memory of the specification for the next data transfer to occur. 

18. A switch for accomplishing transfers of data from transmitting applications run- 
ning on transmitting computers to receiving applications running on receiving com- 
puters, each transmitting computer including means for framing the data with a virtual 
circuit identifier, said switch comprising: 

A. a plurality of input ports for reception of data from transmitting com- 
puters; 

B. a plurality of output ports for transmission of data to receiving comput- 
ers; 

C a mapping memory containing entries relating virtual circuit identifi- 
ers to output ports; 

D, a switch buffer memory for selectively storing data received from the 
transmitting computer and for retrieving stored data for transmission to a receiving 
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13 computer, the switch buffer memory including a switch buffer controller that operates 

14 the memory to store and retrieve data based upon the virtual circuit identifiers; 

15 E. a switch thread memory containing a thread defining a plurality of en- 

16 tries between a head entry and a tail entry, each of the entries comprising an address 

• '. v 

17 representative of an active memory segment in the switch buffer memory correspond- 
is ing to each virtual circuit and the entries defining a linked list of segment addresses, 

19 and further comprising means, in the switch buffer controller, for adding entries to the 

20 thread memory and deleting entries from the thread memory based, respectively, upon 

21 a loading into and emptying corresponding memory segments in the sva|ch buffer 

22 memory; : 

23 F. a switch free list memory having a plurality of entries each correspond- 

24 ing to an unoccupied segment in the switch buffer memory that is free of data stored, 

25 and further comprising means in the switch buffer controller for removing an entry 

26 having a predetermined segment address from the free list memory, and concurrently 

27 establishing an entry having the predetermined segment address in the thread mem- 

28 ory; 

29 G. a context memory, interconnected with the switch buffer memory, for 

30 storing a plurality of entries, each of the entries corresponding to a predetermined 

31 virtual circuit identifier, each of the entries including, for the respective virtual circuit 

32 identifier, information defining a data transfer priority level, the head location and the 

33 tail location of a thread of segment addresses in the switch buffer memory and an 

34 amount of data contained in the switch buffer memory; and 

35 H. means for directing data retrieved from said buffer memory to the output 

36 port relating to the virtual circuit identifier associated with the data. 

1 1 9. The switch defined in claim 1 8 further comprising a switch active circuit mem- 

2 ory, interconnected with the switch buffer controller, that stores entries identifying 

3 each virtual circuit for which data is contained in the switch buffer memory, the 

4 switch active circuit memory including means for continuously storing new entries as 
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new data transfers are initiated and deleting existing entries as existing data transfers 
are completed 

20. The switch defined in claim 20 wherein each of the entries in the switch active 
circuit memory includes an identification of a respective priority level of the data 
transfer. 

21. A method for accomplishing a transfer from a transmitting application running on 
a first computer, having an internal bus and a first main memory connected to said 
system bus, to a receiving application running on a second computer, said transmitting 
application providing an operating system with transmit virtual addresses in said main 
memory of data to be transmitted to said receiving application, said interface compris- 
ing: 

A. providing a mapping memory; 

B. providing a transmit work queue memory; 

C. by means of software running on said first computer: 

1 . loading into said mapping memory the transmit physical ad- 
dresses corresponding to said transmit virtual addresses, and 

2. entering into said transmit work queue memory a specification 
of each data transmission, said specification including an identification of the transfer, 
and an identification of a destination of said data, said identification of the transfer 
also including identification of a location of each of said transmit virtual addresses in 
said mapping memory; 

D. accessing said first main memory in accordance with said physical ad- 
dresses contained in said mapping memory to retrieve said data therefrom; and 

E. transmitting said retrieved data to said second application. 
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i 22. The method defined in claim 21 further comprising: 

A. providing a receive work queue memory, 

B. interrogating, by means of software running on said first computer, a 
receiving application running on said first computer for the identification of receive 
virtual addresses in said first main memory into which received data transferred to 
that receiving application from a transmitting application on said second computer is 
to be loaded, 

C. by means of said software system: 

9 1 . loading into said mapping memory receive physical addresses in said 

to first memory corresponding to said receive virtual addresses, and 

1 1 2, entering into said receive work queue memory a specification each data 

12 transmission, said specification including an identification of the transfer, and an 

13 identification of a destination of said data, said identification of the transfer also in- 

14 eluding identification of a location of each of said receive virtual addresses in said 

1 5 mapping memory, 

16 D. receiving data, from said second computer, identified by said transfer 

1 7 identification, and 

is E. accessing said first main memory by means of said receive physical 

19 addresses contained in said mapping memory to load into those addresses data re- 

20 ceived from said transmitting application on said second computer. 



1 23. The method defined in claim 22 wherein each of the step of transmitting and the 

2 step of accessing includes framing the data according to an ATM communication 

3 standard, including establishing a virtual channel identifier for each data transfer. 
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24. The method as defined in claim 24 farther comprising storing into and retrieving 
data from a buffer memory, the steps of storing and transferring being based upon the 
virtual channel identifier corresponding to each data transfer, and further including 
prioritizing the steps of storing and transferring based upon priority criteria associated 
with each corresponding virtual channel identifier. 
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